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ABSTRACT 
Equilibrium capacities for the sorption of phenol 
on washed, washe:3. and oxidized, and washed, oxidized and 
subsequently reduced active carbon have been measured pre-
viously. This work attempts to show the effect of chemical 
treatment of active carbon on the rate of adsorption of 
phenol. In all Kinetic runs molecular diffusion is taken 
as the rate controlling step although no exact mathematical 
formulation is presented. 
These studies indicate lower rates of adsorption for 
the oxidized than for the unoxidized NXC 12/28X active carbon. 
Analysis of the washed, oxidized and reduced carbon present 
some difficulties consequently no conclusive results are 
obtained for this type of carbon. Computation of activation 
energies indicates a higher activation energy for the ox-
idized than for the unoxidized carbon namely 10.08 kilocalories 
per mole as is found by Cofman (3) and 2.33 kilocalories per 
mole respectively. The present researcher finds practically 
a zero activation energy for the oxidized carbon. 
Measurements of the slope of the graph of concentration 
versus the square root of time give the values of k which is 
defined as a parameter representing the rate of adsorption. 
It is found that for the washed, and washed and subsequently 
1 
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oxidized carbon, use of 25.0 milligrams of carbon per 
liter of solution gives rate constants that differ by 
only small amounts, within ten per cent, probably due 
to the scatter in the data. 
A few suggestions are presented as to how the 
surface oxides affect the rate of adsorption. These 
are by and large conjectural because the exact mechanism 
is not clearly discernable under the experimental systems 
used in the present research. 
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INTRODUCTION 
Extensive investigations have indicated that a
ctiv-
ated carbon has a high affinity for the adsorp
tion of organic 
pollutants of water. Besides, it is available 
commercially 
and has the advantage of being porous. 
Most of the studies have been directed towards 
el-
ucidating the equilibrium adsorptive capacities
 of active 
carbon. A few investigations have been designe
d specifically 
for the study of the kinetics of adsorption (6, 7, 8, 9, 
17, 
18)'. Harris (12) gives a compilation of some of the earl
ier 
kinetic studies. 
Among the studies of adsorption equilibria was 
that 
by Tan (15). He studied the effect of acidic surface oxi
des 
on the adsorptive capacities of activated carbo
n. Other 
investigators (1, 2, 11, 14) have also studied the import
ance 
of surface oxides in adsorption. Coughlin and 
Ezra (5) 
pointed out that the regeneration of active car
bon might 
involve a partial oxidation. The present resea
rch was directed 
toward continuing the work on surface acidity b
ut this time 
its effects on the kinetics of adsorption. 
Mathematical treatments of the kinetics of ads
orption 
have been somewhat elucidated by Dedrick and B
eckmann (6), 
and also by Edeskuty and Amundson (8,9). In consideratio
n 
3 
of the kinetics, several factors must be taken into account. 
These may be divided into two namely those external and 
those internal to the adsorbent particle. 
The diffusion of solute to the region near the particle 
can be a major factor. This occurs when the concentration 
gradients in the bulk of solution in a non-flow system are 
large. Yet another consideration is the diffusion of solute 
from the region adjacent to the adsorbent particle onto it. 
Both these effects can be fairly well eliminated by high 
rates of agitation which would ensure a uniform concentration 
in the bulk of solution and in the region adjacent to the 
sorbent particle. Stirring speeds from 200 rpm. and above 
are enough to eliminate these effects as found elsewhere (16). 
Also at high rates of agitation, the adsorption rate 
may be controlled by the diffusion of solute through the 
pores of the adsorbent particle. As Dedrick et al (6) point 
out, the transport of the solute through the pores could 
consist of a superposition of diffusion under a concentration 
gradient and migration of the solute species along the pore 
walls. The actual effect is not easily amenable to an 
unambiguous analysis. Pore diffusion, however, seems to be 
the controlling factor in experimental systems at low con-
centrations. 
The adsorption rate itself can affect the.kinetics 
4 
in instances where this rate is finite. 
In most of the 
mathematical analyses, the adsorption ra
te has not been 
entirely neglected. At the same time, t
hiseffect renders 
the mathematical analysis quite cumbersom
e because it is 
incorporated into the diffusion equation
 as a non-linear 
term. In the succeeding theory, a much 
simpler way of 
analyzing the data will be presented. 
THEORY 
Although no mathematical treatments will
 be given 
in this research report, the method of a
nalysing the data 
given by Weber et al (16) will be used herein. T
his me.thod 
depends on the apparent direct. proportio
nality between the 
amount adsorbed and the half power of tim
e. Such data 
linearity occurs in most cases when intr
aparticle diffusion 
is the rate controlling step. At low co
ncentrations, most 
investigators have observed this data lin
earity within the. 
first few hours of adsorption. The use 
of the half power 
of time as a parameter arises because in
 solving the simple 
diffusion equation under unsteady state 
conditions for one 
dimension in a semi infinite medium, thi
s parameter appears 
implicitly in the solution. 
Since the data is linear for the most pa
rt, it is 
convenient to define a constant k, this 
being the slope 
of the graph of concentration against th
e half power of time. 
5 
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The k value does not have the usual significance as known 
in rate studies but is a convenient measure of how fast 
the adsorption is taking place. Comparison of the different 
rates is facilitated. The units of k are micromolar per 
hour to the one-half power per gram of carbon. 
The constant defined, being similar to a rate 
constant, can be written in the form 
where 
k = A exp (-E/RT) 
A= pre-exponential constant 
E = activation energy for adsorption rate 
R = gas constant 
T = absolute temperature 
Depending on the variation of the rate constant with temp-
erature, a value for the activation en~rgy can be obtained 
by plotting the natural logarithm of k against the reciprocal 
of the absolute temperature. 
Other investigators (6,8) have used the diffusion 
coefficient D to obtain the activation energy for diffusion. 
In their work, they used elaborate mathematical models and 
calculated the coefficients. It is expected that the values 
of activation energies found by these authors would be 
more accurate judging from their experimental systems. 
However, approximations can be arrived at using our procedure. 
6 
OBJECTIVES 
The present work is an extension of studies of 
the effect of acidic surface oxides on the adsorptive 
properties of activated carbon. This research is dir-
ected towards finding out the influence of surface 
acidity on the rate of adsorption of phenol. 
In the first section of the work, the aim is to 
prepare the carbon adsorbents by washing, oxidation and 
reduction. Tests are to be run to estimate the amount 
of surface acidity on the activated carbon by titration 
with various bases. 
Next, it is desired to make kinetic runs on the 
different kinds of carbon at various temperatures. 
Activation energies are to be calculated. 
SELECTION OF MATERIALS 
All the active carbon used in this research was 
Columbia Activated Carbon obtained from the Carbon Pro-
ducts Division of Union Carbide Corporation. It was 
designated NXC 12/28 X. The average size of the granules 
was 1.205 millimeters since only the NXC-14/18 was utilized 
in this work. This carbon passed through U.S. Standard 
Sieve number 14 and settled on number 18; the size was 
computed from the mesh sizes. 
Tests were not made using varying carbons to find 
7 
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out which was the best. However, other workers have used 
a similar kind of carbon which they found to have a low"\_ 
ash content and to be hard in its resistance to attrition. 
As for the adsorbate, phenol was selected probably 
because it isr-aJre{!uent pollutant of water. Typical \_ 
literature values were chosen for the concentration range 
of phenol. In this work, the concentration did not 
exceed ninty micromoles per liter of solution. 
PREPARATION OF THE CARBON ADSORBENTS 
At the beginning, the carbon was washed in dilute 
hydrochloric acid. About 40 grams of carbon were placed 
in each of three erlenmeyer flasks and 60 milliliters of 
0.1015N hydrochloric acid was added. The flasks were then 
placed in a shaker containing water at 30°C. This treatment 
was done to remove alkaline impurities. 
The shaking was continued for one day after which 
the carbon was removed from the flasks and washed four 
times with deionized water at which time the decantate 
was netural to litmus then dried for one day at a temp-
erature of 110°C. On completion of the drying, 40 gm of 
the carbon was set aside. The preceding amount of carbon 
was sieved using U.S. Standard Sieves from sizes twelve to 
(" 
twenty. Only that carbon passing through sieve number 14 and 
8 
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settling on number 18 was utilized in ~he experiments, 
being designated NXC-W 14/18. The Win this nomenclature 
represented the fact that the carbon was washed. 
In order to change the nature of the surface, the 
remaining 80 grams of the washed carbon were to be oxidized. 
The oxidation was done by placing 16 grams of carbon in 
each of five erlenmeyer flasks and adding 150 milliliters 
of saturated ammonium persulfate solution which was 0.4 
molar. Care was taken not to use a very concentrated· 
solution which would break the particles up and thus alter 
the surface more than was necessary. The flasks were 
placed in a shaker at 30°C as was done in the washing 
process. However, the oxidation was carried out for three 
days to ensure completion of the reaction. 
After removal from the shaker, the samples were 
thoroughly rinsed with deionized water and dried over-
night at 110°C. Part of this carbon was sieved and 
designated NXC-WO 14/18 representing the fact that the 
carbon was washed and oxidized . 
Reduction 
The process of reduction was to be done by a zinc-
mercury amalgam and hydrochloric acid as constituents to 
produce the hydrogen. 80 grams of zinc were washed using 
9 
'\. 
\ 
I 
~ .·, .. /- : ..... ·-~· .. 
0.10 N hydrochloric acid to remove impurities. This 
zinc, after being washed and dried, was placed in a 
250 ml. beaker, enough mercury being added to cover 
the surface of the zinc. 40 grams of washed and ox-
idized carbon was then added. 150 ~illiliters of 
concentrated hydrochloric acid was poured onto the 
contents of the beaker which was then placed under 
the hood for seven days. The hydrogen slowly bubbled 
through the mixture. 
After seven days the carbon was separated from 
the mixture, washed until the decantate was neutral to 
litmus and finally dried at 110°C overnight. The re-
duced carbon was sieved and designated NXC-WOR 14/18 
where WOR means washed, oxidized and reduced, the other 
symbols having their previous significance. 
Testing for Surface Acidity 
Several investigators (1,2,14) have used typical 
organic reactions to identity surface oxide groups. In 
the present research, the method of Boehm et al (1) 
has been employed. The amounts of surface acidity were 
determined by titrating with base. 
0.5 grams of the required carbon was placed in 
flasks containing 50 milliliters of base. Each flask 
10 
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contained one of the bases namely 0.0805N sodium bi-
carbonate, O.lOON sodium carbonate, 0.101N sodium hy-
droxide and 0.0839N sodium ethoxide in ethyl alcohol. 
The contents of the flasks were put in a shaker water 
bath at 30°C and left there for three days after which 
period 10 ml. aliquots of the basic solutions were 
titrated using 0.0488N HCl solution. Phenolphthalene 
was the indicator for NaOEt and NaOH while methyl orange 
was used for NaHC0 3 and Na 2co 3. 
To calculate the amount of base consumed, the 
normality after reaction was computed from which the 
number of equivalents was determined. It was assumed 
that there was no change of volume of base before and 
after reaction. Table 1 indicates the results of the 
amount of base consumed whereas Table 2 give these 
amounts for the carbon used by Cofman (3). 
Discussion of the Results of Carbon Testing 
No attempts were made to calculate the ratios of 
the different amounts of base consumed as was done by 
Boehm et al (1). However, it was clear from the data 
that the washed carbon consumed less than the other two 
types of carbon. Also the washed-oxidized consumed more 
base than the washed-oxidized-reduced carbon. 
It was not possible to identify the actual oxide 
groups present on the surface of the carbon. Boehm et al 
ll 
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(1) found that there were whole number ratios between 
the bases used up. For the samples of carbon oxidized 
with oxygen at 400° - 450°c, they found the ratios were 
1:2:3:4 with the bases in the order NaHco 3, Na 2co3, 
NaOH and NaOEt. At the same time, for the "wet" oxidized 
carbon the ratios were 2:3:4:5 with bases in the previous 
order. 
Boehm et al (1) were able to conclude that at least 
four functional groups were responsible for the whole 
number ratios. These were identified as (a) a more strongly 
acidic carboxyl group (b) a more weakly acidic carboxyl 
group (c) a phenol hydroxyl group (d) a fourth group which 
was probably a carbonyl group. The authors also stated 
that the above functional groups accounted for about fifty 
per cent of the total oxygen content. 
Even though the present research did not characterize 
the exact surface oxide groups, it showed that from a 
qualitative point of view, the oxidized carbon contained 
more oxygen than the unoxidized in acidic surface oxides. 
Subsequent reduction lessened the acidic surface oxide 
content. 
' ' '' .,. ,', ,•. 1 ,, ,~. • 
KINETIC STUDIES 
Experimental Procedure 
All the kinetic studies were carried out in a 
round-bottomed .two-neck five-liter morton flask, equipped 
with a glass stirring rod with a teflon paddle. The 
stirring rod was housed in a teflon holder outside of 
which was a metal and glass holder. 
A Jumbo Stirrer Motor obtainable from the Fisher 
Scientific Company was used to drive the stirring rod. 
The motor would overheat and stop in less than five 
minutes probably because the load was large. In order 
to overcome this, an assembly was made consisting of a 
one-half inch rubber hose, through which air passed, 
connected to a funnel which covered the top of the motor. 
With the preceding set up, the motor worked quite well 
at about 300-350 rpm. The speed was measured by manually 
counting the number of revolutions that the motor made 
in fifteen seconds. 
'Baker Analyzed' Reagent Grade Phenol was used in 
all experiments. A solution of 0.02M phenol was originally 
prepared. Subsequent solutions were obtained using the 
appropriate amount of phenol and diluting with deionized 
water. 
13 
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At the beginning of each kinetic run, four liters 
of the required solution were placed in the morton flask 
at the given temperature whose constancy was maintained 
by a temperature bath accurate to 0.05°C. Equilibration 
of. the solution with the bath temperature was ascertained 
by periodic measurement of solution temperature until 
equalized. It was found that about six hours was desired 
for equilibrium. 
After equilibrium between solution and temperature 
bath was established, the motor was turned on. An initial 
aliquot of 10 milliliters was withdrawn from the solution 
using the glass-stoppered neck of the morton flask. The 
weighed amount of carbon was dropped into the solution 
using a well dried funnel to make sure no carbon was lost 
in the process. From then on, 10 milliliter aliquots were 
removed at intervals for whatever length of time was desired 
for the run. 
In most of the experiments, ten samples were ex-
tracted, each 10 milliliters in volume. This led to an 
error in volume of 0.25 per cent for each extraction since 
in each case four liters of solution were taken as the 
volume. Assuming additivity, the total error was 2.5 
per cent and was neglected. 
,·· 
~lysis of the. Samples 
Ultraviolet spectrophotometry using one centimeter 
quartz cells wis the method selected for analysing all 
samples of phenol. Two spectrophotometers were employed 
namely the Beckrnan DK-2A, which was available in the chemistry 
department, and the Beckman DU at the geology department. 
The initial phases of the analyses were marred by 
some analytical problems. First of all, there was scatter 
in the data. Better results were obtained by cleaning the 
outsides of the cells with deionized water and drying them 
using lens paper. Secondly, for the Beckman DK-2A, it 
was found that good data was obtaine<l only after the 
instrument had warmed up for at least five hours. Even 
then, data using the NXC-WOR carbon still showed a lot of 
scatter with the result that a very substantial amount of 
experiments using this carbon were not considered. 
Concentrations of phenol used in this research had 
a maximum of about 90 micromoles per liter. As seen on 
the calibration curve, Figure 1, the solutions obeyed the 
Beer-Lambert law with a molar absorptivity of 1600 liters 
per mole-cm. For the determinations on the DK-2A spectro-
photometer, the one calibration curve was used. 
The value of the concentration was taken at the point 
of minimum transmittancy which for phenol was at a frequency 
15 
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of 269.5 millimicrons. However, the recording started 
from a frequency of 340 millimicrons to detect any dirt 
or interferring adsorption. If any, the dirt was removed 
by cleaning the cell with cleaning solution (potassium 
dichromate in concentrated sulfuric acid) and the measure-
ment repeated. 
For the measurements on the Beckman DU spectro-
photometer, a calibration curve was made on each day 
that analyses were to be taken for a given run. This 
idea was necessitated by the fact that the spectrophotometer 
usually showed a sliaht drift. As in the case of the 
Beckman.DK-2A, all readings were obtained at a freauency 
of 269.5 millimicrons, the frequency being set at a 
constant value for the Beckman DU. The starting con-
centrations of phenol differed somewhat. However, these 
values were as obtained from the calibration curves. 
RESULTS OF THE KINETIC STUDIES 
Some of the kinetic runs have been depicted graph-
ically. In all cases, the concentration of phenol is 
that obtained from the 10 milliliter aliquot samples de-
scribed under the experimental procedure. Figures 2 and 3 
give the graphs representing the rates of adsorption of 
phenol by the NXC-W and NXC-WO activated carbon at 30°C 
16 
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and 35°C. These plots show an unambiguous reduction in 
the rate of adsorption of phenol for the oxidized carbon. 
However, figure 4 shows that subsequent reduction of the 
oxidized carbon increases the adsorption rate only by a 
small amount. 
In figure 5 the adsorption rate is shown for the 
washed carbon at three different tjffiperatures. After 
about the first hour of the kin~ run, very little 
difference is observed in the slope of the curve. Figures 
7 and 8 show the adsorption rate for a smaller dosage of 
carbon per unit volume of solution. 
No substantial data was obtained for the NXC-WOR 
active carbon. Figure 10 is drawn to show the influence 
of the type of carbon on the adsorption rate at 40°C, 
this being the only situation where data for NXC-WOR was 
successful. It is seen here that the adsorption rate 
is higher for the NXC-W with almost comparable rates for 
the NXC-WO and NXC-WOR activated carbon. Also for the 
NXC-WO, as shown in figure 6, there is very little diff-
erence in the slope even though the graphs represent two 
temperatures. 
Rate Constants 
The values of the rate constants (k) were measured 
J 
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from the most linear portion of the curve of concentration 
of phenol versus the half-power of time. This linearity 
was observed during intermediate times. In some cases, 
an expanded scale had to be used. 
Table 3 gives the values of k for different temp-
eratures and varying amounts of carbon. Weber et al (16) 
had the units of k as being micromolar per (hr) 1/ 2 per 
gram of carbon. In this research report, the units of k 
have been similarly defined. 
After the graphs of concentration against the 
square root of time were drawn for the washed carbon using 
0.4 grams, it was noticed that for about the first two 
hours the graphs were linear with a definite temperature 
slope variation. This was by no means evidence of step-
type behavior although elsewhere (5,11) this kind of 
behavior had been observed for equilibrium adsorption 
systems. The corresponding graphs are shown in Figures 7 
and a. 
In table 4, the data for the runs mentioned in the 
preceding paragraph and those for the washed and oxidized 
carbon as found by Cofman (3) have been tabulated. These 
data were used to calculate approximate activation energies. 
On the basis of the rate constants, there was no 
definite trend for each type of carbon but differences 
18 
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were observable on cross comparison. At the same time, 
the differences for each carbon in the values of k for 
the most part were not substantial. Consequently, no 
0 .. 
attempts were made to calculate activation energies for 
the majority of the runs because the data didn't portray 
enough of a difference except for the cases which will 
be considered later. 
For the washed carbon, the temperature variation 
was from 30°C to 48.1°C in which the values of the rate 
constants varied from 35.1 to 29.30 in consistent units. 
At the same time, for an identical amount of NXC-WO carbon, 
the temperature variation was from 30°C to 40°C with the 
rate constants varying from 10.50 to 10.83 also in con-
sistent units (see table 3). With the NXC-WOR, the rate 
constant was 11.71 at 40°C. 
Perhaps the most significant result obtained by 
computing the rate constants was that on the average the 
k values were reduced by a factor of three when oxidized 
carbon was used at the same temperature as the unoxidized 
carbon. This result was to a large extent in agreement 
with what was observed in the adsorption isotherms. 
Computation of Activation Energy 
The results for the NXC-W and the NXC-WO activated 
carbon given in table 4 were plotted as the natural 
19 
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logarithm of k against the reciprocal of the absolute 
temperature. These graphs are shown in Figure 9. 
the slopes, the activation energies were computed 
2.33 kilocalories per mole and 10.08 kilocalories 
mole for the NXC-W and NXC-vP respectively. 
DISCUSSION OF THE KINETIC RESULTS 
From 
as 
per 
Examination of the kinetic data showed a sign-
ificant reduction in the rate of adsorption of phenol 
after the carbon was oxidized~ This result was consistent 
with that obtained by Tan (15) with regard to the adsorption 
isotherms. 
It was not possible to obtain successful kinetic 
data with the NXC-WOR activated carbon. The difficulties 
could have arisen perhaps because in the process of re-
duction some other organic substance could have been formed 
which would have interferred with the analyses. 
Most of the rate constants showed very little sign-
ificant change for each type of carbon but were different 
on cross comparison. However, for the NXC-W, it was found 
that by reducing the amount of carbon, the initial rates 
were significantly different. 
Effect of pH 
Some pH measurements were made on solutions of 
phenol with concentrations ranging from 80 to 20 micromoles 
-·~···· 
per liter. The pH values varied from 6.44 to 6.54 
respectively. Even though no pH values were obtained 
during experimentation, considering the range of con-
centrations employed, there was no effect of pH in 
these studies. Snoeyink et al (13) in their adsorption 
studies showed that the pH affected the adsorptive 
capacity of activated carbon. However, in order to 
change the hydrogen ion concentration, the authors added 
definite amounts of acid or base. 
Activation Energies 
It was found that the activation energy for NXC-W 
active carbon was approximately 2.33 kilocalories per 
mole. Edeskuty and Amundson (8) found an activation 
energy of 3.08 kilocalories per mole from their diffusivities 
for phenol. The value of activation energy was therefore 
within the range expected for a diffusional process. 
An activation energy was also computed for the 
NXC-WO using the data obtained by Cofman (3). He used 
12.5 milligrams of carbon per liter of solution. 10.08 
kilocalories per mole was the value computed. No literature 
value was available for comparison. The data obtained by 
the present researcher showed practically no activation 
energy for the NXC-WO probably because higher dosages of 
carbon were utilized. 
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Interpretations 
In attempting to explain the results, one cannot 
provide unambiguous explanations on the basis of arguments 
related to the adsorption isotherms alone. The forces that 
control the rate of adsorption are not necessarily of the 
same character as those governing the equilibrium situations. 
However, in our case, the similarity between the rate and 
equilibrium adsorption data warrants a possible identity 
in the role of surface oxides. 
Some probable effects of surface oxides have been 
given by Coughlin and Ezra (5). The majority of the 
oxygen groups on carbon are located at the edges of the 
layer planes. Therefore, there is very little probability 
I 
of steric hindrance. Also, the water molecules adsorbed 
onto the o~ygen groups probably act as secondary adsorption 
sites. Other water molecules are linked to these sites by 
hydrogen bonds with the overall effect being the formation 
of water complexes within the pore structure of the act-
tivated carbon. This reduces the active surface area 
available for phenol adsorption. 
Further, Snoeyink et al (13) obtained the adsorption 
isotherms on coal base carbon at 11°C and 37°C. It was 
found that there was little difference in the adsorptive 
capacity for phenol as a function of temperature. 
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CONCLUSIONS 
Measurements on the rate of adsorption of 
phenol on activated carbon indicate that oxidation 
of the carbon surface reduces the rate of uptake. 
Data taken on the oxidized and subsequently reduced 
carbon for one run do not show a substantial difference 
between the NXC-WO and NXC-WOR carbon. 
The slowing down in rate of uptake is attributed 
to the amount of surface oxide groups on the carbon. 
However, it is not possible under the given experimental 
conditions to offer an exact mechanism of how these oxide 
groups play their role. 
Computation of the activation energies, in the few 
cases where it is done, indicates a higher value for the 
washed and oxidized (as found by Cofman (3)) than for the 
washed carbon. Further, the activation energy computed 
for the washed carbon is comparable to that in the liter-
ature. The activation energy for NXC-WO is not typical 
for a diffusion process indicating perhaps that another 
mechanism comes into play. 
Most of the data shows that the rate constants 
obtained by the method used in this report differ only 
very little with temperature within ~he first six hours 
of adsorption. However, for the 0.4 gm NXC-W, there is 
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a difference in rate with temperature for about the 
first two hours. After this period of time, the rate 
differences become more difficult to discern. 
Even though activation energies have been computed 
for a few cases, what transpires from this research is 
the difficulty in obtaining these activation energies 
for most of the data. It can be said therefore that the 
activation energies obtained are not entirely conclusive. 
Studies undertaken in this research do not explain 
the exact mechanism of rates of adsorption. They serve 
to illustrate by and large the influence of surface 
acidity on the rates of adsorption of phenol. 
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TABLE 1 
' f· Neutralization of Acidic Surface Oxides 
;, (Jere's Data) 
Carbon Used Base Consumption - meq. per 100 gm of Carbon 
Sodium Sodium Sodium Sodium 
Bicarborla te Carbonate Hydroxide Ethoxide 
NXC-W Negligible Negligible 64 323 
NXC-WO 188.7 265 464 641 
\ 
' NXC-WOR 134 167 329.2 351 
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TABLE 2 
Neutralization of Acidic Surface Oxides 
(Cofman 's Data) 
Carbon Used Base Consumption - meq. per 100 gm of Carbon 
NXC-W 
NXC-WO 
NXC-WOR 
Sodium 
Bicarbonate 
4 
232 
174 
27 
Sodium 
Carbonate 
7 
324 
257 
Sodium 
Hydroxide 
35 
447 
388 
Sodium 
Ethoxide 
65 
372 
319 
, r": .. ~;, : . 
TABLE 3 
Rate Constants Obtained From Slopes of Graphs of 
Concentration Against the Half Power of Time 
Run No. Temperature Carbon Used k 
Type Amt. in 
Four liters 
5 30°c NXC-W 1 gm. 35.1 
9 35°c NXC-W 1 gm. 32.65 
12 40°c NXC-W 1 gm. 34.85 
16 48.1°C NXC-W 1 gm. 29.30 
19 48.1°C NXC-W 0.4 gm. 43.72 
20 24.5°C NXC-W 0.4 gm. 50.60 
21 35.3°C NXC-W 0.4 gm. 45.25 
7 30°c NXC-WO 1 gm. 10.50 
10 35°c NXC-WO 1 gm. 10.83 
14 40°c NXC-WO 1 gm. 10.70 
15 40°c NXC-WOR 1 gm. 11.71 
NOTE: The Time was Measured in Hours. 
All Above Data were Obtained by Jere. 
Units of k are micromolar/(HR) 112. (Gram of Carbon) 
I 
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TABLE 4 
Rate Constants Obtained From Slopes of Graphs of 
Concentration Against the Half Power of Time 
Run No. Temperature Carbon Used J( 
Type Amt. in 
Four liters 
20 24.5°C NXC-W 0.4 gm. 22.68 
21 35.3°C NXC-W 0.4 gm. 33.88 
19 48.1°C NXC-W 0.4 gm. 40.63 
*25°C NXC-WO 0.5 gm. 3.8 
*30°C NXC-WO 0.5 gm. 4.8 
*35°C NXC-WO 0.5 gm. 7.2 
*Data Obtained by Cofman 
NOTE: Data for Run Number 19, 20, 21 Obtained From Slope 
For First Two Hours of Kinetic Run. 
Units of k are micromolar/(HR) 112 . (Gram of Carbon) 
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